Purpose-This study investigates the undesirable impacts of outputs on bank efficiency and contributes to the literature by assessing how regulation policies and other events impact bank efficiency in Taiwan in regards to deregulation, financial crisis, and financial reform from 1993 to 2011. Methodology-In order to effectively deal with both undesirable and desirable outputs, this study follows Seiford and Zhu (2002) , who recommend using the standard data envelopment analysis model to measure performance by increasing the desirable outputs and decreasing the undesirables. Findings-Empirical findings indicate that bank efficiency with undesirable outputs is more prevalent than bank efficiency without undesirable outputs, which implies that undesirable outputs play a key role in hampering bank efficiency. This study result show that the effect of deregulation on bank efficiency decreased during the initial financial reform period. Nevertheless, our empirical evidence shows that financial reform significantly improved bank efficiency in emerging countries in the long run. Conclusion-First, in accounting for both desirable and undesirable output while evaluating and analyzing bank efficiency, it assumes that undesirable outputs operate as non-performing loans and offers a comparison of different results from perspectives that either consider undesirable output within the classical DEA model or do not. The second contribution stems from the fact that the processes of rapid growth and recovery in recent years have given emerging Asian countries undoubtedly key roles in world economics, and studies have responded by analysing data of emerging Asian countries, such as Taiwan. Thirdly, this study contributes to the literature by assessing how regulation policies and other events impact bank efficiency in Taiwan in regards to deregulation, financial crisis, and financial reform.
INTRODUCTION
The idea of bank efficiency has long been a chief research topic for scholars and regulators who want to assess how well banks serve as pivotal intermediary institutions between finance and currency. In general, these scholars and regulars have found that bank operation efficiency is significantly relative to a nation's economic growth and its development of financial institutions. Studies in the literature can be categorized into two distinct scopes of research. On the one hand, scholars have focused on how to more effectively evaluate bank performance by providing new methods or revising pre-existing models to measure banks efficiency (Chiu et al., 2009; Koutsomanoli-Filippaki et al., 2009; Liu (2010) ; Ray & Das, 2010) . On the other hand, scholars have also focused on specifying the determinants of bank efficiency. For instance, risk factors in the banking industry of developed and emerging countries have major impacts on bank efficiency, asset quality, and bank soundness. Recent scholars have analyzed individual risk indicators on bank performance (Chiu & Chen, 2009; Liu & Liao, 2013; Sun & Chang, 2011) . This paper is organized as follows: section one contains the introduction; section two describes the model specification, data source, and empirical design; and section three presents the empirical results, while conclusions are drawn in section four.
LITERATURE REVIEW AND METHODOLOGY SPECIFICATIONS

Bank Efficiency by Data Envelopment Analysis
Many studies have acknowledged that any data envelopment analysis (DEA) model relies on the assumption that inputs must be minimized and outputs maximized. From the point of view of the classical model, ignoring undesirable output is a major oversight that will likely result in biased conclusions. In general, most scholars have thus assumed that nonperformance loans (NPLs) are an undesirable output for the DEA model.
More specifically, Seiford and Zhu (2002) have described five possibilities for dealing with undesirable outputs while using the DEA-BCC framework. The first possibility is to simply delete undesirable outputs; the second, to treat undesirable outputs according to the non-linear DEA model; the third, to treat undesirable outputs as simply outputs and adjust the distance in order to restrict the expansion of undesirable outputs; 1 the fourth, to treat the undesirable outputs as inputs, though doing so does not reflect the true production process; and the first, to apply a monotone that decreases shifts to the undesirable outputs and to then use the adapted variables as outputs. Additionally, Fernandez et al. (2002) have illustrated that a production process must be clearly defined based on both desirable and undesirable outputs, for using desirable outputs only will fail to credit banks for their efforts to reduce undesirable outputs. Following Seiford and Zhu (2002) , this study used a linear monotone to decrease the shift to undesirable outputs within the classical DEA model.
Data Envelopment Analysis (DEA) using an Undesirable Output Model
A popular stochastic frontier approach used in the literature to estimate bank efficiency indicates that bank efficiency measures the extent to which a bank's costs approach those of banks with the best practices. In effect, this approach produces an identical output bundle under the same conditions. Following this approach, the best-practice production frontier for a sample of firms is constructed through a piecewise linear combination of an actual input-output correspondence set that envelopes the input-output correspondence of all firms in the sample (Thanassoulis, 2001) .
The classical DEA model assumes that inputs must be minimized and outputs maximized. Seiford and Zhu (2002) , however, have developed an alternative approach to treat both desirable and undesirable factors differently in the standard linear BCC DEA model provided by Banker et al. (1984) . They suppose a DEA data domain can be characterized by data matrix DOI: 10.17261/Pressacademia.2018.792 19
with sm  rows and n columns. Each column corresponds to one of the DMUs. The j th column can be written as
Supposing, however, that some outputs are undesirable, the output matrix Y can be better represented by following the model of Seiford and Zhu (2002) In general, we wish to increase desirable outputs and decrease the undesirables in order to improve performance. However, since the standard BCC model excludes undesirable outputs, all outputs are supposed to be improving performance. Fare et al. (1989) modified the traditional BCC model to the non-linear programming problem
Based upon classification invariance, Seiford and Zhu (2002) show that an alternative to model (1) can be developed to preserve the linearity and convexity in DEA. They first multiply each undesirable outpour by -1 and then find a proper translation vector w to let all negative undesirable outputs be positive. 
in which I X is increased and D X is decreased to allow any decision-making unit (DMU) to improve performance.
The input-output specification of the present study is based on the intermediation approach suggested by Berger (1995) , Hsiao et al. (2010) , and Sun and Chang (2011) . Like most studies, this study follows the intermediation approach definition of input-output variables, in which employee expense, physical capital expense, and fund expense are the input factors used to produce earning assets, labor, capital, and interest price. 2 The price of labor is defined as the total salary of all 2 Sun and Chang (2011) used only two input variables to establish cost function and omitted labor input, which perhaps caused bias. With respect to input prices, the price of labor, capital, and funds are conventional input prices in previous studies, such as Berger (1995) . DOI: 10.17261/Pressacademia.2018.792 21 employees; the price of physical capital is defined as operating expense minus employee expense divided by fixed assets; and the price of funds is defined as the interest paid to all funding. Meanwhile, the two outputs are total loans and investment, which are commonly used in the literature (Berger, 1995; Bonin et al., 2005; Hsiao et al., 2010) . For this study, the primary data source was Taiwan Economics Journal (TEJ). The unbalance panel data samples included 36 banks during 1993 to 2011. The total observation included 750 full samples.
Empirical Regression Design
This study relied on regression analysis to investigate the determinants of bank efficiency. Though many studies have explored the determinants of bank efficiency, this present study refers primarily to those that used the bank efficiency estimate derived from DEA estimations as the dependent variable. From there, a Tobin regression model was constructed for the determinants of bank efficiency. The empirical equation can thus be written
which EFF indicates banks efficiency, risk indicates risk lever of banks measured by standard deviation of each bank's annual return on assets (ROA), size indicates the natural logarithm of bank assets, BRCH indicates the natural logarithm number of bank branches, RGR indicates revenue growth ratio, EQAS indicates the total equity divided by total assets, and DV indicates the dummy variable, which equals one if the bank is state-owned and zero if otherwise.
To further investigate the determinants of bank efficiency, a Tobin regression model was implemented to determine whether bank efficiency derived from the pooled sample is related to bank-specific factors. Following other studies, this study attempts to establish an empirical regression equation. Following Liu et al. (2012) and Liao (2013) , risk was measured by ROA volatility. This rate is an accounting-based volatility indicator measured by standard deviation of each bank's yearly ROA. Size indicates bank scale and is measured by the natural logarithm of bank assets, with which empirical studies have found mixed relationships between bank size and efficiency. BRCH indicates number of branches and is measured by a natural logarithm. This variable is important since widespread networks of branches can provide more services for more customers; this study thus expected that the impact of a widespread network of branches on bank efficiency is positive. RGR indicates bank operating revenue growth rate; efficient banks should show more profitability and higher operating revenue growth rates. EQAS indicates the total equity divided by total assets. Results from studies by Hsiao et al. (2010) and Liu and Liao (2013) show that the capital ratio is positively associated to bank efficiency. DV indicates the dummy variable, which equals one if the bank is state-owned and zero if otherwise. Table 1 provides descriptive statistics of the empirical variables. Note: the primary data source for this study was the Taiwan Economics Journal (TEJ). The input-output variables unit measure by millions, fund and Capital price measure by percent.
EMPIRICAL RESULTS
Results of Efficiency with Undesirable Outputs
This section reports estimations of the banks' average efficiency, which we ascertained using a DEA model. Our three-part efficiency index includes overall technical efficiency (TE), pure technical efficiency (PTE), and scale efficiency (SE). Table 2 presents the results of the banks' efficiency.
The mean technical efficiency, pure technical efficiency, and scale efficiency scores were 0.61, 0.845, and 0.706, respectively, which suggests that these banks improved their efficiency by 39%, 15.5%, and 29.4%, respectively. This result indicates that nearly 40% of banks' costs are wasted according to the best-practice frontier when facing the same output within samples. This result is consistent with both Sun and Chang (2011) and Liu and Liao (2013) , whose results both report a general bank efficiency of approximately 0.6 for Taiwan. This figure reflects a generally low efficiency level for banks over the present study's data collection period. One possible reason for this phenomenon is that the Taiwanese government allowed new banks to enter into the financial market to increase competition as a measure to improve efficiency after deregulation, but over-competition deteriorated the quality of assets, reduced profitability, and even led some banks to bankruptcy.
Regarding bank efficiency sources, the mean pure technical efficiency is higher than the scale efficiency, which indicates that scale inefficiency is a major source of bank inefficiency. A bank's inefficiency can in turn be attributed to returns of scale diseconomies. The government encouraged banks to perform merger activities in order to increase bank efficiency because the government believed that larger banks would have better efficiency than smaller banks. Dark (2001) has suggested that the minimum efficient scale of operation in the United Kingdom is at an asset size ranging from GBP 18 to 23 billion. Liao (2009) has pointed out that regulators should not blindly merge to expand their asset base, for it is uncertain whether doing so improves efficiency and profitability. It was thus suggested that Taiwanese banks should promote scales of optimal operation.
We compared the results of bank efficiency scores estimated both with undesirable outputs and without undesirable outputs. Results show that the efficiency score estimated with undesirable output was slightly higher than that without undesirable outputs. Test results showed the same outcome, though overall technical efficiency and pure technical efficiency were significantly different. 3 This result is thus consistent with Assaf et al. (2012) , who found that excluding crediting banks from their production of bad outputs resulted in misspecification, which appears as an underestimation of both efficiency and productivity change. This result also provides significant evidence suggesting that not accounting for undesirable output while estimating the evolution of the model may seriously distort efficiency results. 
Comparing Three Stages of Bank Efficiency
This study compared bank efficiency over three periods from 1993 Table 5 presents the test results for the three periods. The mean overall technical efficiency was 0.6095, 0.5882, and 0.6543 for pre-FFR, FR, and post-SMC, respectively. These results show that the financial reconstruction period was lower during our study period, which is consistent with Hsiao et al. (2010) and Burki and Niazi (2010) . 4 Although the U.S. banking industry faced a shocking subprime mortgage crisis in 2008, this event did not significantly impact bank efficiency in Taiwan. One reason may be that financial reform significantly improves bank efficiency. During FFR, the main objective was to improve the bank capital structure and quality of assets, thus the effect of FFR for bank efficiency offset the shock caused by the subprime mortgage crisis. However, mean technical efficiency has still existed, as 34 percent of bank costs are wasted according to best-practice frontier.
The success of meeting primary goals during deregulation in emerging countries has been mixed (Kumbhakar & Sarkar, 2003) . The present study's results suggest that deregulation has improved bank efficiency in emerging countries, which is consistent with literature arguing that the effects of financial reform have significantly positive impacts on bank efficiency in emerging countries, such as Hsiao et al. (2010) has found with Taiwan, Ataullah and Le (2006) have found with India, and Burki and Niazi (2010) have found with Pakistan. Furthermore, Bertrand et al. (2007) suggest that less state intervention in the banking sector is accompanied by a more efficient allocation of bank loans across firms, as well as an increase in restructuring activities. This study's results show that improved efficiency after the period of financial reform was possibly due to enhanced bank efficiency, improved risk management practices, and the benefits obtained from complying with the First Financial Reform for Taiwan (Hsiao et al., 2010) . Hsaio et al. also suggest that deregulation enticed more banks to cultivate a more competitive market environment in order to raise bank efficiency and profitability. In theory, this idea suggests that a higher of level of competition improved bank efficiency and incentivized the creation of new financial businesses' service skills and operating logistics but also produced banks with higher risk levels. Thus, the effect of deregulation may decrease bank efficiency during the initial stages of financial reform period. Nevertheless, most studies have found that financial reform significantly improved bank efficiency in emerging countries over a longer period of time. 
Results of Productivity Changes
In line with previous studies that isolate the components of productivity changes, this study uses the acronyms TFPCH (Malmquist index of total factor productivity), TECHCH (technical change), EFFCH (efficiency change), PECH (pure technical efficiency change), and SECH (scale efficiency change). Table 5 presents the total factor productivity change indexes of banks. These data demonstrate that the mean values of TFPCH and TECHCH are greater than one, which indicates that banks experience positive productivity growth and technical progress. The mean values of EFFCH, PECH, and SECH are less than one, which demonstrates that they are unable to manage resourcing problems and the lack of scale efficiency. The mean value of TFPCH is 1.027, which indicates that bank productivity slightly improved over the study period. This result is consistent with Chen and Yen (2000) and Chiu et al. (2009) , the former showing that the mean TFPCH is 1.013 and the latter showing a mean TFPCH of 1.049.
These results suggest that TFPCH has only slightly improved, mainly due to the frontier shift effect rather than the catch-up effect, which implies that deregulation policies can enhance bank productivity growth. At the same time, banks have generally experienced the benefits of technological progress since many new banks have entered the market and have provided many new ideas, cultures, and operating strategies. As for the idea that bank inefficiency is due to not "catchingup" to the efficient frontier (i.e., falling behind the best-practice), the mean EFFCH of 0.99 implies that banks require more in order to save on management costs or more utilized input resources.
The same holds for EFFCH and PECH, which are respectively 0.99 and 0.995. On the whole, this study suggests that banks increase productivity by more effectively utilizing input resources or management factors. This result is consistent with prior studies (Chen & Yen, 2000; Chiu et al., 2009; and Liao, 2009 ), which report a lesser influence of the catch-up effect for banks. The mean value of SECH is less than one, which indicates that the banks have not moved toward their optimal size and thus implies that banks must gradually adjust their operating scales. Hsiao et al. (2010) have found that the relationship between bank assets and efficiency is not insignificant. Shen (2005) has showed that the optimal fixed assets size is around NT 10 billion, which suggests that government encouraged banks to activate mergers and acquisitions (M&A) in order to increase profitability and competitiveness. In mergers and acquisitions theory, large banks exercise a wider array of resources, such as brand image and branch networks, to increase profitability more than smaller banks. While this study does not support the idea that grant banks are best for Taiwan, its resultant SECH value shows that banks have not come close to achieving optimal size. Note: The "mean" indicates the average the entire sample value over the period 1994 to 2011. TFPCH indicates the total factor productivity index and EFFCH the catch-up indicates the insurers efficiency change, Frontier-shift indicates the technology change, THCHCH, PECH are pure technical efficiency change, and SECH is the scale efficiency change.
Results of Baseline Regression
This section explains the determinants of bank efficiency estimates derived from the DEA model with undesirable outputs for Taiwan. First, a Variance Inflation Factor (VIF) was implemented to test whether the collinearity problem is significant. As shown in column 6 of Table 5 , all variables of VIF were less than 10, which implies that there were no collinearity problems in the regression analysis. As can be seen in Table 6 , the coefficient of risk is positive and significant in all columns. A higher operation uncertainty is seen when banks have a high ROA volatility, which indicates that banks with higher ROA volatility should be more inefficient than other banks. Strong evidence supports the idea that efficiency is associated with operating risk; banks still experience high efficiency even if they have high operating uncertainty. One possible reason for this phenomenon is that bureaucratic power and regulator interference still play important roles in improving efficiency in emerging countries, even for banks with higher operation uncertainty.
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The coefficient of BRCH is insignificant in all columns, implying that a greater number of branches does not improve bank efficiency. Regulations restricting banks from establishing new branches simultaneously encouraged merger activities among banks who assumed that a widespread network of branches would increase bank services, scope, and profitability. This study's results, however, show that an increased number of branches cannot significantly improve bank efficiency, Burki and Niazi (2010) have pointed out that delivery systems in rural areas are very costly, thus banks operating in a rural branch network are expected to maintain several loss-making branches. For this reason, banks prefer to establish new branches in urban areas, though doing so costs more and causes more competition than in rural areas. Therefore, only with great uncertainty can banks increase efficiency by cultivating a large network of branches.
The coefficient of RGR was significantly positive, which fulfills this study's expectations. This implies that banks with a higher operating revenue growth rate show better efficiency. The coefficient of size is positive and significant, indicating that managers could improve their bank's efficiency by increasing asset size. This result is consistent with Kwan (2006) and Liu and Liao (2013) . As Ataullah and Le (2006) have shown, a positive relationship between size and efficiency is attributed to larger banks' market power and their ability to diversify credit risk in an uncertain macroeconomic environment.
The coefficient of EQAS was insignificant. The equity-to-assets ratio as a proxy of the external corporate governance indicator implies that equity stakes could put pressure on management to reduce efficiency shortfalls. The coefficient of DV was positive and significant, which indicates that state-owned banks experience greater efficiency than non-state-owned banks, which in turn implies that bureaucratic power still plays an important role for bank efficiency for emerging countries, as the regulator often intervenes on the financial market and on bank operating management. In short, most public policies to protect the benefits of state-owned banks.
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Results of robustness test
Following previous studies, this section evaluates firm performance as measured by accounting variables, such as return of equity and return of asset. To further investigate the various dependent variables in our empirical equation and to decide whether to change our results, we re-estimated regression and used return of asset (ROA) as the dependent variable. Table  7 reports the results. It is found that the effect of ROA volatility on the banks performance is inconsistent with result of efficiency, meaning that a bank with higher ROA volatility is lower profitability than other banks. ROA regression has a higher R-square than efficiency regression, however these results still remain qualitatively similar, which implies that efficiency and performance regression are consistent. Journal of Business, Economics and Finance -JBEF (2018), Vol.7(1 
CONCLUSIONS
This study provides an interesting case study of efficiency for one basic problem concerning undesirable output. It has aimed to expand the literature examining bank efficiency by including undesirable outputs to reflect true efficiency instead of excluding undesirable output in the DEA model. Overall, this study's results indicate that nearly 40% of banks' costs are wasted according to the best-practice frontier while facing the same output within samples. This also shows that bank operated at a lower efficiency level over our study period. One possible reason for this is that the government allowed new banks to enter the financial market after deregulation in order to increase competition, which eventually improved bank efficiency. At the same time, over-competition deteriorated the quality of their assets, dropped their profitability, and even led to bankruptcy. Comparing the results of bank efficiency estimated either with undesirable outputs or without undesirable outputs shows that efficiency estimated with undesirable output was slightly higher than that of models without undesirable outputs. This result provides significant evidence that not accounting for undesirable outputs in the classical DEA model might seriously distort efficiency results.
The results of comparing three stages during 1993 to 2011 suggest that deregulation encouraged more banks to foster a more competitive market environment in order to raise bank efficiency and profitability. As such, this study suggests a higher of level of competition improved bank efficiency and incentivized the creation of new financial businesses with service skills and operating logistics but also produced banks with higher risk levels. Thus, the effect of deregulation on bank efficiency decreased during the initial financial reform period. Nevertheless, our empirical evidence shows that financial reform significantly improved bank efficiency in emerging countries in the long run.
Though most studies argue that banks with higher ROA volatility should be more inefficient than other banks, our study does not support this viewpoint. Instead, there is strong evidence to support the idea that efficiency is associated with operating risks, for banks still have high efficiency even when operating with high uncertainty. One possible reason for this is that bureaucratic power and interference from regulators still play important roles in improving efficiency in emerging countries, even for banks with higher operating uncertainty. State-owned banks have the duty to assist government enforcement of relative policies and obtain franchise value from bureaucratic power.
